Landslide monitoring is a crucial tool for the prevention of hazards. It is often the only solution for the survey and the early-warning of large landslides cannot be stabilized. The objective of present study is to use a low-cost image system to monitor the active landslides. We adopted the direct linear transformation (DLT) method in close range digital photogrammetry to measure terrain of landslide at the Huoyen Shan, Miaoli of central Taiwan and to compare measured results with e-GPS. The results revealed that the relative error in surface area was approximately 1.7% as comparing the photogrammetry with DLT method and e-GPS measurement. It showed that the close range digital photogrammetry with DLT method had the availability and capability to measure the landslides. The same methodology was then applied to measure the terrain before landslide and after landslide in the study area. The digital terrain model (DTM) was established and then was used to calculate the volume of the terrain before landslide and after landslide. The volume difference before and after landslides was 994.16 m 3 .
INTRODUCTION
Photogrammetry is a branch of technology, science, and art where reliable results are obtained by recording, measuring, explicating the emitted electromagnetic energy and topographic images given shape by physical objects and reflected beams from surrounding formed by them (Abdel-Aziz and Karara, 1971) . In general, photogrammetry is divided into two categories: aerial and terrestrial photogrammetry. In aerial photogrammetry, images are acquired via overhead shots from an aircraft, providing topographic maps and land use details. In terrestrial photogrammetry, images are obtained at locations near or on the surface of the earth and provided detailed dimensional information of an object. When the object size and the camera-to-object distance are both less than 100 m, terrestrial photogrammetry is defined as close range photogrammetry. An approach where imagines are obtained around an object with highly convergent camera orientations, generally points towards the center of the object (Cooper and Ronson, 2000; Sheng and Gong, 2014) . Moreover, close range photogrammetry offers the possibility of obtaining threedimensional coordinates of an object from two-dimensional digital images in a rapid, accurate, reliable, flexible, and economical way. This makes it an ideal tool for precise industrial measurement (Fraser, 1993) . Close range photogrammetric systems have been used successful for measurements in fluid physics experiments (Maas et al., 2002) , underwater archeological surveying (Green et al., 2002) , and monitoring the thermal deformation of steel beams (Fraser and Riedel, 2000) , for mapping low relief fluvial geomorphic features ranging from 10 to 100 m 2 (Heritage et al., 1998) , for surveying of cultural heritage monuments and historical buildings (Mills and Barber, 2004; Arias et al., 2005; Yastikil, 2007; Yilmaz et al., 2007; Yilmaz et al., 2008; Liu et al., 2012; Reinoso et al., 2014) , and for modeling of mouldboard plough surfaces (Aguilar et al., 2005) . Travelletti et al. (2012) reported that three main categories of ground-based platforms allow continuous monitoring (Casagli et al., 2004; Delacourt et al., 2007) . Three main categories of ground-based remote sensing techniques are used in landslide monitoring; Ground-Based Synthetic Aperture Radar Interferometry (GB-InSAR), Terrestrial photogrammetry (i.e. close range photogrammetry). The main advantages and disadvantages of these techniques were reviewed and presented. They documented that the implementation, operating, and equipment costs of close range photogrammetry are much lower than GB-InSAR and TLS. The technique includes acquiring digital RGB imagines represented using a matrix of intensity value recorded at each pixel of the camera from a spot very close to the ground (Jiang et al., 2008; Fraser, 2013; Tang and Fritsch, 2013 ). In the current condition, the application of terrestrial imagines for landslide monitoring is mostly related to the production of digital elevation models for image orthorectification, sediment budget analysis (Pesci et al., 2004; Cardenal et al., 2008) , and the characterization of slope morpho-structure (Sturzenegger and Stead, 2009 ). The short duration of field work measuring time is a remarkable feature of close range digital photogrammetry. Photogrammetric works are normally performed without any contact with the object. The objective of this work is to establish digital terrestrial model (DTM) using close range digital photogrammetry and e-GPS at the Huoyen Shan of central Taiwan and to ascertain the capability and reliability with close range digital photogrammetry. In the landslide area, the close range digital photogrammetry with direct linear transformation (DLT) and correlation coefficient methods for image matching were used to build DTMs before and after landslides. The volume of landslide was then calculated through the DTMs.
MATERIALS AND METHODS

Close Range Digital Photogrammetry
Close range digital photogrammetry measures objects directly from photographs or digital imagines captured with a camera at close range (Atkinson, 1996; Fraser, 1996) . The basic model in close range digital photogrammetry is the central perspective projection. The primary coordinate system is positioned arbitrarily in object space, while the secondary system as its origin at the perspective camera center O, its z-axis coincides with the principal axis and is directed away from the imagine plane ( Figure 1 ). The scale factor is set to unity (Atkinson, 1996; Arias et al., 2007) . The third equation of the reverse transform above can be written explicitly in terms of the scaling  and substituted in the other two equations, resulting in the collinearity equations:
DLT Method
Mathematical model of DLT are depending on calculation of picture coordinates of a point ( a x , a y ) by using object coordinates of that point (Mikhail et al., 2001) .
equations can be calculated by means of 6 control points whose coordinates are known in both systems (image coordinate system and object coordinate system).
Imagine Matching
Image matching is a group of techniques of finding corresponding features or image patches in two or more images taken of same scene from different viewing positions, at different times and/or using different sensors. Image matching is used for a large variety of applications such image registration, stereo parallax matching for generating of digital elevation models, particle image velocimetry, or displacement measurements (Brown, 1992; Westerweel, 1993; Zitova and Flusser, 2003) . The cross-correlation algorithm is a similarity measure that is used in image matching to measure similarity between matching entities in one image and their corresponding entities in the other images. Therefore effective calculation of the cross-correlation coefficients is imperative for accurate image matching. An image at reference window over an area is taken and another image at search window over the same area is used to match the image (Figure 2 ). R =0 is an indication of no relationship between the matching entities. Even if there is not truly corresponding entity in the search image, there will always be some peak correlation coefficient. Therefore, it is necessary to decide a threshold for R value below which the match is rejected. Fast Fourier transformation was used to improve computational efficiency (Adrian, 1991; Raffel et al., 1998) .
Site Description
The Huoyen Shan (Figure 3 ) located at the Miaoli County is natural conservation region in Taiwan. The characteristics of Huoyen Shan have massive gravel and small quantity of fine grain in the rock stratum. Because of the loose sand and soil in the glued material of rock stratum, it is subject to intense surface erosion to form gully as the high intensity rainfall. There are five sub-basins which have massive landslides in the Huoyen Shan.
The study sites (i.e. site A and site B) at the downstream of alluvial fan were selected for close range digital photogrammetry. The site A consists of large gravel and has two meters drop height at the middle region (Figure 4a ). The areas at site A and site B is 20m x 80m and 20m x 30m, respectively. Comparing to site A, the slope of site B is much steeper. The present study is to set up DTM using close range digital photogrammetry and e-GPS at site A to make sure the capability of close range digital photogrammetry. Before and after landslides at site B (Figures 4b and 4c) , the close range digital photogrammetry with direct linear transformation (DLT) and image matching were used to build DTMs before and after landslides. The volume of landslide was then calculated through the DTMs directly. The flowchart of methodology used in the present study is presented in Figure 5 . 
RESULTS AND DISCUSSION
Control Point Measurement and Investigation
We selected 68, 42, and 41 ground control points at site A, before landslide at site B, and after landslide at site B, respectively. The method of total station and e-GPS were used to measure the coordinates of each control point. Each control point was measured three times with total station measurement.
The root mean square errors in , x , y and z directions and total root mean square error were adopted for calculating the statistical errors of measured control points. The equations can be described as followings: x , y and z directions; TR is the total root mean square error; n is the number of measured times; and m is the number of control points. The root mean square error ranges from 0 to 0.02m and TR is 0.0092m at site A. The root mean square error ranges from 0 to 0.04m and TR is 0.011 m before landslide at side B, while they are in range from 0 to 0.03m and 0.0103m after landslide at side B. We found that the measured errors of control point were acceptable.
Comparison Between Close Range Photogrammetry and e-GPS
To monitor the landslide, a low-cost Canon EOS 400D digital camera was set up at the field. The characteristics of the camera acquisition systems are presented in Table 1 . These pictures were also taken at sites A and B. The close range digital photogranmetry with DLT and imagine matching were used to reconstruct the DTMs at sites A and B. Debella-Gilo and Kaab (2011) reported that one limitation of the imagine correlation technique is directly linked to the correlation algorithm and the sub-pixel interpolation method. In this study, threshold value of correlation coefficient ( R ) is 0.7 adopted for imagine matching (Wanek and Wu, 2006) . illustrates measured results with close range digital photogrammetry and e-GPS at site A. We got 4995 points at site A using close range digital photogrammetry to calculate the surface area which was 1608.5 m 2 (Figure 6a ). A total of 3268 points was yielded using e-GPS to calculate surface area which was 1580.9 m 2 (Figure 6b ). The related error of surface area with close range digital photogrammetry and e-GPS is 1.7%. It revealed that the measurement of surface area with close range digital photogrammetry was acceptable methodology. Travelletti et al. (2012) used a low-cost methodology to monitor the displacement of continuously active landslides from ground-based optical imagines analyzed with a normalized image correlation technique. They found that the camera monitoring allowed characterizing displacements of up to 3 m/day during an acceleration period. Their measured results were in good agreement with previous knowledge on the landslide kinematics and in very good agreement with benchmark displacements measured by dGPS. Our measured results also revealed that the image systems exhibited the high potential for landslide monitoring. 
CONCLUSIONS
Close range photogrammetric techniques have been sown to be very useful tools for monitoring landslide in dangerous regions. Such techniques allow is to carry out exhaustive analyses of localization of most damaged areas. In the present study, the close range digital photogrammetry with DLT method was applied to measure the landslide region in central Taiwan. In order to ascertain the proposal methodologies which have the capability to detect the landslide region, the close range photogrammetric techniques and e-GPS were adopted to measure the landslide region at side A. We found that the relative error for measuring surface area were 1.7%. It demonstrated that the close range digital photogrammetry with DLT method was useful for monitoring at landslide region. This method was then applied to measure the landslide volume at site B before and after landslides. The volume difference between before and after landslides was 994.16 m 3 .
The limitations of ground-based optical imagines are independent of the acquisition system. They are related to the meteorological and illumination conditions, the ground surface changes, and continuous monitoring through the image systems. These challenges should be more studied to resolve the issues in the future work.
